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Energy Research Centre of the Netherlands

ECN’s mission:
ECN develops high-level knowledge and 

technology for a sustainable energy system 
and transfers it to the market

• Independent research organization
• Bridge between fundamental research

and industrial products

• 600 - 650 employees
• Annual turnover 70-75 M€

• Active in the field of:
� Hydrogen and Clean Fossil Fuels 

� Wind Energy

� Solar Energy
� Biomass

� Energy Efficiency & Smart Grids

� Policy Studies
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The future of transportation

• Energy use and trend
• The challenges
• The options
• Messages
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World total primary energy supply

IEA Key World Energy Statistics 2008

Yr. 2006 Mtoe Mboe/d

Other 66 1

B&W 1186 25

Hydro 261 5

Nuclear 728 15

Gas 2407 50

Oil 4029 84

Coal 3053 64

Total: 11730 245

Yr. 2030 Mtoe Mboe/d

Total: 17000 350



5 10-7-2009

World final energy consumption

IEA World Energy Outlook 2008

Road 
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51%

Road freight
30%

Air
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Rail
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Pipeline
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Total: 8085 Mtoe in 2006
169 Mboe/d

Transport: 2227 Mtoe in 2006
45 Mboe/d 
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Transport
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Industry
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Final energy consumption transport by fuel

IEA World Energy Outlook 2008

Transport: 2227 Mtoe in 2006
45 Mboe/d 

Oil
95%

Biomass
1%

Other
4%• Oil dominant fuel in transport

• Transport drives:
�� Mobility of people
�� Mobility of goods; trade
�� Globalization

• Economic growth and 
mobility are coupled

• Oil fuels economic growth
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• Global light duty fleet

Global trend transport

Source: Exxon Mobile
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Car fleet growth

• Vehicle production China 
already eqv. to >20% of EU

• Cars per 1000 people:
�� US ~750 - 800
�� Europe ~450 - 500
�� China ~  20 - 25
�� India ~  10 - 15

• Car stock increase from 650 
million in 2005 to 1.4 billion in 
2030 (IEA WEO 2008)
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Key challenges 

• Strong dependence on oil 
�� Dependence on Middle East
�� Volatile / rising oil prices

• Climate change 
�� CO2 emissions still increase

• Local air pollution
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Air pollution

Paris Los Angeles

Air concentration NO2

Beijing

• Cars are getting cleaner, but the number 
of cars is increasing

• Urbanisation increases – more and larger 
cities

• In 2030 cities will house 60% of world 
population (= global population in 1986)
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CO2 emissions and Climate Change
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CO2 emissions transport

• Transport CO2 emissions 
~5900 Mton and increasing

• Share in total CO2
emissions:

�� Total transport >20%
�� Road transport >16%
�� Passenger cars >10%
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Dependence oil import increases

EU-25 oil import (%) 1990 2000 2004 2010 2020 2030

Aardolie 80,9 76,4 80,2 83,7 92,7 93,8

Source: European Energy and Transport, Trends to 2030 - update 2005
Energy & Transport in figures, statistical pocketbook 2006 (2004 data)
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Volatile and rising oil prices

?
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• We are not running out any time soon, but what we do face is the
Peak of Production

• Production can not stay flat for a given number of years and then 
stop overnight: oilfields decline gradually

• A debate rages as to the precise date of Peak, but misses the 
point; what matters is the vision of the long decline on the other 
side of the peak

• Adressing the decline is much more important then worrying 
about the last barrels; it may have far reaching consequences 
affecting the very fabric of modern living

Peak of oil production
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• Cheap easy energy allowed the rapid expansion of 
industry, transport, trade and agriculture

• The population expanded six-fold in parallel

• Wherever we go in the modern world we hear the 
sound of an engine burning oil

Year

31

Peak oil consequences?
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Options?

Source: Nuon
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Four ways to reduce oil consumption and 
mitigate CO 2 emissions from transport

1. Reduce transport demand
2. Improve driving behaviour
3. Improve vehicle efficiency 
4. Use low carbon fuels
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1. Reduce transport demand

• Involves personal 
choices consumer

• Economic growth and 
mobility are coupled

• Instruments:
��Road pricing
��Carpooling

• Congestion can be a 
driver 

�� but: rebound effect
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2. Improve driving behaviour

• Technical and behavioural measures:
�� Ecodriving
�� Tyres with low rolling resistance / 

tyre pressure
�� Lower maximum speed
�� ICT: in-car devices, navigation, 

cruise control, automatic distance
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3. Improve vehicle efficiency

• Consumers to 
purchase efficient 
cars

• Manufacturers to 
bring them on the 
market

• Culture switch?

Source: EEA, 2006

130 g/km 
in 2015

95 g/km 
in 2020?
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3. Improve vehicle efficiency: Hybrids

• Micro and Mild Hybrids : start-stop systems

• Hybrids combining a conventional drivetrain with a small 
electric motor and battery for support (parallel hybrid )

• Plug-in versions of parallel hybrid s (aftermarket conversion)

• Purpose built plug-in hybrids with only an electric motor and 
an internal combustion engine / generator to produce 
electricity (series hybrid ): electric vehicle with range extender

�� PHEV 20, 40, 60: ZEV range proportional to battery cost
�� Electric mode will be predominant in urban area
�� Charge infrastructure needed
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3. Improve vehicle efficiency: Hybrids

• Parallel hybrid configuration
�� e.g.Toyota Prius

• Series hybrid configuration
�� e.g Chevrolet Volt (2010)
�� and Opel Ampera (2011)

Third generation Toyota Prius: 89 gCO 2/km



24 10-7-2009

4. Use low-carbon fuels

• Coal to liquids
• CNG
• Biogas
• Biofuels

Fossil!!
Fossil!
Potential?
Sustainable?
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4. Use low-carbon fuels: biofuels
• Currently >24 Mtoe biofuels

�� 30 billion liter ethanol
�� 4 billion liter biodiesel 

• 1% of total agricultural land

• Total conversion would already 
require >90% of total agricultural 
land

• Second generation biofuels do not 
compete with food but needs 
similar surface area

• Some applications can’t do without: 
aviation, shipping, heavy trucks
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4. Use low-carbon fuels

• Coal to liquids
• CNG
• Biogas
• Biofuels

• Hydrogen
• All-electric

Fossil!!
Fossil!
Potential?
Sustainable?

Fuel Cell
Battery
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4. Use low-carbon fuels: H 2 and electricity

• Characteristics
�� Both options are electric cars
�� Zero emission vehicles (ZEVs)
�� Independence of oil
�� Diversification

• Issues

Batteries / electricity Fuel Cells / hydrogen

- Cost
- Durability
- Range
- Charge time
- Charge infrastructure

- Cost
- Durability
- Platinum

- Refill infrastructure
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Energy carrier Energy density (kWh/kg)

Diesel 11.9

Gasoline 12.0

Lead-acid battery 0.04

Ni-MH battery (e.g. Prius) 0.07

Li-cobalt-ion battery (e.g. Tesla) 0.11

LiFePO4-ion battery (SOTA traction) 0.13

Li-ion batteries in portable electronics (target traction) 0.20

Hydrogen (pure substance) 33.3

Hydrogen in on board storage system (SOTA) 1.67

Hydrogen in on board storage system (target) 3.00

Energy density is the important factor
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l x w x h (m)

Curb weight (kg)

Max. power (kW)

Max. speed (km/h)

Range (km)

Energy storage: type
kWh

Refill time: home
fast

4.55 x 1.82 x 1.63

2100

115-200

160

>300 1)

Li-ion battery pack
>60

>20 hours
50% in 10 min.

4,83 x 1,85 x 1,47 (m)

1620

100

160

430 2)

Hydrogen @ 350 bar
136 (4.1 kg H2)

-
2-3 min.

1) Even statements of 400 km;
Details about conditions n/a

2) Combined EPA cycle: 
avg. speed 48 km/h

BYD-E6 Honda FCX Clarity

Comparing equivalent battery and FC/H 2 car
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l x w x h (m)

Curb weight (kg)

Max. power (kW)

Max. speed (km/h)

Range (km)

Energy storage: type
kWh

Refill time: home
fast

3.40 x 1.48 x 1.60

1080

47

130

160 1)

Li-ion battery pack
16

6-7 hours
80% in 30 min.

4,83 x 1,85 x 1,47 (m)

1620

100

160

430 2)

Hydrogen @ 350 bar
136 (4.1 kg H2)

-
2-3 min.

1) Japanese 10-15 cycle: 
avg. speed 24 km/h

2) Combined EPA cycle: 
avg. speed 48 km/h

Mitsubishi i-MiEV Honda FCX Clarity

Different technology – different markets
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Honda FCX

FC-car development: from prototypes …
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Vehicle Honda FCX Clarity

Status 2008 Small Series

Propulsion Fuel Cell
Battery
Electric Motor

100 kW
Li-ion battery
100 kW (torque 256 Nm)

Storage CGH2 35 MPa (171 l)

Performance Range
Top speed

~430 km
160 km/h (limited)

• 50% increase of output density per volume (67% by mass) compared to previous FCX

• 20% increase of fuel economy (indicative fuel use 26 km/l g.e.)

• Improved low temperature start-up capability: at -30ºC

• Begin of limited retail marketing in summer 2008 in Southern California

• For three years lease term: $600 per month including maintenance and insurance 

… to small series
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Honda starts FCX Clarity production (16/6/2008)
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FCX Clarity
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Other examples
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Where are we in the transition?

Time

Market  share

R&D 
support

Subsidies

Levies 

Cost effective / 
obligations / CO 2
emission trade

Demonstration

Pilot plants

H2FC

EV PHEV
In-car 

ITS

1st gen 
Biofuels

HEV

2nd gen
Biofuels/SNG

Coop 
ITS

CNG

• Technologies in different 
phases

• Each phase requires other 
policy measures

• Long term view and 
consistent policy needed 
to attract investments

Inreasing 
share of 

private R&D
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Summary / messages

• Current transport system cannot be maintained
• Change involves both technology development 

and culture switch 
• In the long run, electric cars, which includes fuel 

cell cars using hydrogen, are preferred over 
biofuels for passenger transport

• Second generation biofuels for avaiation, shipping 
and freight transport by heavy trucks

• Long term political commitment needed to foster 
technological innovation and system change
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Illustration:
Scientific American

ActionBusiness
as usual
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